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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode 
for a ferroelectric body, in which film fatigue caused 
by the repetitively alternate polarization of a 
ferroelectric body can be reduced, and residual 
polarization the ferroelectric body can be prevented 
from being reduced and to provide a non-volatile 

characteristic and attaining lower power consumption. 
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SOLUTION: A fef Tpelectric_.elejctor^^ (a lower 
electordej^or an upper electorde lOlwhich is 
laminated on a ferroelectric body 9 for the formation 
of a laminated structure has substantially the same 
crystal structure as^^the'ferro^^^ is 
formed of an electricairy coriductive^oxide. 
Specifically, the ferroelectric electrode is formed of 
Re03, which is of crystal structure where a hole is 
located at an A-site. and metal ion, enter in the hole 
of Re03 from the ferroelectric body. 
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[WHAT IS CLAIMED IS:] 

[Claim 1] An electrode for ferroelectric , forming a laminated 
structure with a ferroelectric having a perovskite crystal 
structure, 

which is formed from an oxide having substantially the same 

crystal structure as the perovskite crystal structure of said 

ferroelectric and having a conductive property. 

[Claim 2 ] The electrode for ferroelectric as set forth in Claim 

1, 

having a crystal structure having a void at the A site position 
of an ABO3 crystal structure. 

[Claim 3] The electrode for ferroelectric as set forth in Claim 
1. 

being formed of ReOa in the polycrystalline state or 
monocrystalline state . 

[Claim 4] A ferroelectric device equipped with an element, 
comprising : 

a ferroelectric having a perovskite crystal structure; and 
an electrode for ferroelectric, formed from an oxide having 
substantially the same crystal structure as the perovskite 
crystal structure of said ferroelectric and having a conductive 
property; 

said element being formed from said electrode for ferroelectric , 
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the ferroelectric laminated on said electrode for ferroelectric, 
and an electrode laminated on said ferroelectric. 
[Claim 5] The ferroelectric device as set forth in Claim 4, 
having an element wherein said electrode for ferroelectric, 
ferroelectric, and electrode for ferroelectric are laminated 
successively . 

[Claim 6] The ferroelectric device as set forth in Claim 4 
or Claim 5, 

wherein a ferroelectric, selected from the group consisting 
of PZT, PbTiOa, andBaTiOs, or a layer dielectric , selected from 
the group consisting of SrBi2Ta209 and Bi4Ti30i2/ is used as said 
ferroelectric, and ReOa in the polycrystalline state or 
monocrystalline state is used in said electrode for 
ferroelectric . 

[Claim 7] The ferroelectric device as set forth in Claim 6, 
wherein said element is a capacitor element used as an 
information storage part. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Art] This invention relates to an electrode 

for ferroelectric anda ferroelectric device using the electrode 
for ferroelectric. In particular, this invention relates to 
an electrode for ferroelectric, which forms a laminated 
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structure with a ferroelectric used for an information storage 
part of a non-volatilememory element , anda ferroelectric device, 
equipped with a non-volatile memory element that is formed by 
laminating the abovementioned ferroelectric and electrode for 
ferroelectric . 
[0002] 

[Prior Arts and Themes Thereof] Non-volatile memory 
devices, which malce use of a ferroelectric in an information 
storage part of non-volatile memory element , are being developed . 
As a representative non-volatile memory element , a non-volatile 
memory element that employs an FeRAM (Ferroelectric Random 
Access Memory) structure is Icnown. 

[0003] A non-volatile memory element employing an FeRAM 

structure is formed as a one- transistor/one-capacitor 
structure formed by a series circuit of a switching element 
and a capacitor element that comprises the information storage 
part. The abovementioned switching element is equipped with 
a channel forming region, an insulator (gate insulator) , a 
control electrode (gate electrode) , and a pair of semiconductor 
regions to be used as source and drain regions. The capacitor 
element is equipped with a lower electrode, ferroelectric, and 
upper electrode, and this lower electrode, ferroelectric, and 
upper electrode are respectively laminated successively. 
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[0004] The ferroelectric of the abovementioned capacitor 

element is characterized in having a residual polarization and 
not losing the stored contents even when the power is turned 
off. Furthermore, since low voltage operation can be realized 
by the employment of the ferroelectric, the making of the 
non- volatile memory element low in consumption power can be 
promoted. Generally, a PZT (lead zirconium titanate: 
PbZrxTii-xOs) is used as the ferroelectric. 

[0005] A single-layer thin film of Pt or a composite thin 

film, formed by laminating Pt and Ti, is used especially for 
the lower electrode that becomes the underlying film for the 
ferroelectric of the abovementioned capacitor element. This 
electrode material Pt is deposited onto the surface of an Si02 
thin film that is used as an Si substrate (semiconductor' 
substrate) or an interlayer insulator film. In the case where 
Pt is deposited by sputtering in a manufacturing process, Pt 
tends to talce on a (111) orientation. Since a ferroelectric 
that is formed on a Pt with a (111) orientation will be oriented 
readily and since an oriented ferroelectric has a large residual 
polarization, the information writing characteristics can be 
improved. Furthermore, since Pt is a noble metal and basically 
does not become oxidized, a paraelectric comprising an oxide 
of Pt, will not form between the ferroelectric and the lower 
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electrode. That is, Pt has the characteristic that a 
paraelectric that decreases the essential capacitance of the 
entire capacitor element will not form at the interface between 
the ferroelectric and the lower electrode. 
[0006] 

[Object (s) of the Invention] The excellent 

characteristics given above are provided when a single-layer 
thin film of Pt or a composite thin film containing Pt is used 
as the lower electrode of a capacitor element in a non-volatile 
memory element that is equipped in a non-volatile memory. 
However, film fatigue, with which the magnitude of the residual 
polarization of the ferroelectric decreases, occurs when the 
information rewriting operation is repeated and polarization 
reversal of the ferroelectric is repeated. The present 
inventor theorizes that film fatigue is caused by the 
precipitation of unwanted substances on the Pt surface at the 
interface between the ferroelectric and the lower electrode 
as a result of the electric field that is repeatedly applied 
across the electrodes of the capacitor element. The Pb ion, 
which is a constituent of the ferroelectric, the Si ion, which 
is a constituent of the Si substrate and Si02 thin film, the 
O ion of the Si02 thin film, and compounds made up by such ions 
are considered as the unwanted substances that precipitate on 
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the surface of the Pt surface. The information writing 
characteristics of a capacitor element thus degrades with time . 
[0007] This invention has been made to resolve the 

above-described problem. 

[0008] That is, an object of this invention is to provide 

an electrode for ferroelectric with which the occurrence of 
film fatigue due to repeated polarization reversal of a 
ferroelectric can be reduced and the reduction of the residual 
polarization of the ferroelectric can be prevented. 
[0009] Furthermore, an object of this invention is to provide 
a non-volati le memory , which uses an electrode for ferroelectric 
in the capacitor element of a non-volatile memoiry element and 
with which low power consumption can be realized while improving 
the information writing characteristics. 
[0010] 

[Outline of the Invention] In order to achieve the above 
objects, . the first aspect of the invention provides in an 
electrode for ferroelectric , forming a laminated structure with 
a ferroelectric having a perovslcite crystal structure, an 
electrode for ferroelectric characterized in being formed from 
an oxide, having substantially the same crystal structure as 
the perovslcite crystal structure of the abovementioned 
ferroelectric and having a conductive property. 
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[0011] with the first aspect of the invention, since the 

electrode for ferroelectric is formed from an oxide and oxygen 
exists in a stable state in the oxide, there will be no 
precipitation of oxygen on the surface of the electrode for 
ferroelectric near the interface with the ferroelectric . Since 
the formation of paraelectrics (unwanted substances) due to 
the precipitation of oxygen will therefore not occur, the film 
fatigue that occurs due to repeated polarization reversal of 
the ferroelectric will be reduced and effective reduction of 
the residual polarization of the ferroelectric can be prevented . 
Furthermore, since the abovementioned electrode for 
ferroelectric is formed from substantially the same crystal 
structure as the perovskite crystal structure of the 
ferroelectric, crystal growth can be performed with the 
crystallinity of a underlying layer being maintained both when 
crystal growth of the ferroelectric on the electrode for 
ferroelectric is performed and when crystal growth of the 
electrode for ferroelectric on the ferroelectric is performed. 
[0012] The second aspect of the invention provides the 

electrode for ferroelectric as set forth in the first claim, 
having a crystal structure having a void at the A site position 
of an ABO3 crystal structure. 

[0013] With the second aspect of the invention, since the 
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crystal structure of the abovementioned electrode for 
ferroelectric is formed not as a perfect perovskite crystal 
structure but as a crystal structure having a void at the A 
site position of an ABO3 crystal structure, a metal atom of 
a crystal unit at the very surface at the electrode for 
ferroelectric side of the ferroelectric will enter into the 
void of a crystal unit positioned at the very surface at the 
ferroelectric side of the electrode for ferroelectric. In the 
case where PZT is used as the ferroelectric, the Pb atom of 
PZT will enter into the void of the crystal unit. Since the 
electrode for ferroelectric and the ferroelectric will thus 
be bonded atomically, the bonding strength between the electrode 
for ferroelectric and the ferroelectric can be improved. 
Furthermore, since the electrode for ferroelectric and the 
ferroelectric will be bonded atomically and crystallinity 
information will be transmitted from the electrode for 
ferroelectric to the ferroelectric or, oppositely, from the 
ferroelectric to the electrode for ferroelectric, crystal 
growth of perovskite crystal structure and substantially the 
same crystal structure as a perovskite crystal structure will 
be readily carried out mutually. 

[0014] The third aspect of the invention provides the 

electrode for ferroelectric as set forth in the first claim. 
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formed of ReOa in the polycrystalline state or monocrystalline 
state . 

[0015] With the third aspect of the invention, since the 

electrode for ferroelectric is formed of ReOs and ReOa has a 
low resistance value of approximately lO'^Qcmat room temperature, 
the signal transmission speed can be made high. 
[0016] The fourth aspect of the invention provides a 

ferroelectric device, equipped with an element comprising a 
ferroelectric having a perovskite crystal structure, and an 
electrode for ferroelectric, formed from an oxide having 
substantially the same crystal structure as the perovslcite 
cirystal structure of the abovementioned ferroelectric and 
having a conductive property, and being formed from the 
abovementioned electrode for ferroelectric, the ferroelectric 
laminated on the abovementioned electrode for ferroelectric, 
and an electrode laminated on the abovementioned ferroelectric . 
[0017] With the fourth aspect of the invention, in addition 

to providing the actions and effects of the electrode for 
ferroelectric of the first claim, the film fatigue of the 
ferroelectric in the abovementioned element can be reduced and 
the residual polarization can be increased. In particular, 
with a capacitor element, wherein a ferroelectric is interposed 
between an electrode for ferroelectric and an electrode, since 
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the residual polarization will be large, the information writing 
characteristics can be improved and since adequate information 
can be written at a low information write voltage, a low 
consumption power can be realized. 

[0018] The fifth aspect of the invention provides the 

ferroelectric device as set forth in the fourth claim equipped 
with an element wherein the abovementioned electrode for 
ferroelectric, ferroelectric, and electrode for ferroelectric 
are laminated successively. 

[0019] The sixth aspect of the invention provides the 

ferroelectric device as set forth in the fourth or fifth claim, 
wherein a ferroelectric, selected from the group consisting 
of PZT, PbTiOa, andBaTiOs, or a layer dielectric, selected from 
the group consisting of SrBi2Ta209 and Bi4Ti30i2, is used as the 
abovementioned ferroelectric, and ReOa in the polycrystalline 
state or monocrystalline state is used in the abovementioned 
electrode for ferroelectric . 

[0020] The seventh aspect of the invention provides the 

ferroelectric device as set forth in the sixth claim, wherein 
the abovementioned element is a capacitor element that is used 
as an information storage part . 
[0021] 

[Preferred Embodiment ( s ) of the Invention] An embodiment 
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of this invention shall now be described. Fig, 1 is a sectional 
structural diagram of a non-volatile memory according to an 
embodiment of this invention that is equippedwith a non-volatile 
memory element (memory cell) , which employs an FeRAM structure . 
The non-volatile memory is formed from a substrate 1 and 
non-volatile memory element M is formed on the principal plane 
of substrate 1 . With the present embodiment, a monocrystalline 
Si substrate is used as substrate 1, and this Si substrate is 
arranged as a p-type substrate into which a p-type impurity 
has been introduced. Non-volatile memory element M is formed 
to have a one- transistor /one-capacitor structure formed from 
a series circuit of a switching element (switching transistor) 
and a capacitor element. The capacitor element functions as 
an information storage part. 

[0022] The switching element of the non-volatile memory 

element M is equipped with a channel forming region lA, gate 
insulator 2, control electrode (gate electrode) 3, and a pair 
of semiconductor regions 4 that are used as source and drain 
regions . 

[0023] Channel forming region lA is formed at a part of 

substrate 1 in the vicinity of the principal plane. Gate 
insulator 2 is formed at least on the surface of channel forming 
region lA. Gate insulator 2 is formed for example from an Si02 
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thin film. 

[0024] Control electrode 3 is formed on the surface of gate 

insulator 2 . Control electrode 3 is formed as a monolayer film, 
for example, a polycrystalline Si thin film, silicide thin film, 
or high-melting-point metal thin film, or as a composite film, 
wherein a silicide thin film or a high-melting-point metal thin 
film is laminated on a polycrystalline Si thin film. That is, 
control electrode 3 is formed from a so-called gate material. 
Though not illustrated, control electrode 3 is foarmed from the 
same gate material as a word line that extends in the same 
direction as the channel width direction and is electrically 
connected to this word line. 

[0025] The pair of semiconductor regions 4, used as source 

and drain regions, are formed on principal plane parts of 
substrate 1 at the respective sides in the channel length 
direction of control electrode 3 . Each semiconductor region 
4 is arranged as an n-type into which an n-type impurity has 
been introduced. That is, the switching element is formed as 
an n-channel conductive transistor (MISFET : Metal Insulator 
Field Effect Transistor) . 

[002 6] An interlayer insulator film 5, which separates the 

above -described switching element and the capacitor element 
electrically, is formed on the switching element. With the 
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present embodiment, interlayer insulator film 5 is formed as 
either a monolayer Si02 film or a monolayer Si3N4 film or a 
composite film combining an Si02 film and an Si3N4 film, A 
connection hole 6 is formed in the interlayer insulator film 
5 above one semiconductor region 4 of the above-described 
switching element- A connection hole wiring 7, which 
electrically connects the one semiconductor region 4 with a 
lower electrode 8 of the capacitor element, is formed inside 
connection hole ,6. Connection hole wiring 7 is formed from 
a high-melting-point metal with a low resistance value or a 
material having such a high-melting-point metal as the main 
component, for example, W, TiW, WSi2/ TiN, etc. A 
polycrystalline Si film, which has been doped with P and made 
low in resistance, may also be used for connection hole wiring 
7. 

[0027] Also, though not illustrated, a data line (bit line) 

is electrically connected to the other semiconductor region 
4 of the switching element. 

[0028] The abovementioned capacitor element is arranged 

to have a laminated structure wherein each of lower electrode 
8, ferroelectric 9, and upper electrode 10 is laminated 
successively . 

[0029] Lower electrode 8 of the capacitor element is formed 
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on the surface of interlayer insulator film 5, and this lower 
electrode 8 is electrically connected to the one semiconductor 
region 4 of the switching element via connection hole wiring 
7. With the present embodiment, lower electrode 8 is formed 
as an electrode for ferroelectric, and an ReOa thin film is 
used as this electrode for ferroelectric . This ReOa is an oxide 
that is conductive and contains oxygen atoms in a stable state. 
[0030] Re207 and Re02 are known as oxides that are similar 

to Re03, Though Re207 has the crystal structure with the most 
oxygen atoms, Re207 is an insulator and cannot be used as an 
electrode material. Though Re02 is conductive, Re02 is large 
in resistance in comparison to ReOa and is not suited for making 
the signal transmission speed high. ReOs has a low resistance 
value of lO'^Qcm, which is comparable to the resistance value 
of lO'^Qcm of Al-Cu wiring used as wiring material in 
semiconductor devices. Also, as shall be described below, the 
crystal structure of ReOa is one that is similar to a perovskite 
crystal structure, and since the crystal structure of Re02 is 
a rutile crystal structure, the respective crystal structures 
of Re02 and Re03 differ fundamentally. 

[0031] Fig. 2 is a crystal structure diagram showing a single 

crystal unit of ReOa, which is used for the abovementioned lower 
electrode 8 that is an electrode for ferroelectric. ReOa has 
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an ABO3 crystal structure, wherein a void exists at the A site 
position and a hexavalent, positive Re ion exists at the B site 
position. The greatest characteristics of this ReOa are that 
a void occupies the A site position, an oxygen octahedron is 
formed by the six oxygen atoms that surround the Re ion, and 
the crystal structure is substantially the same as a perovskite 
crystal structure, which is the crystal structure of 
ferroelectric 9 to be described below. Though lower electrode 
8 is basically formed in the monocrystalline state, it may also 
be formed in the polycrystalline state. 

[0032] The ferroelectric 9 of the abovementioned capacitor 

element is formed on the surface of lower electrode (electrode 
for ferroelectric) 8. With the present embodiment, a PZT thin 
film or a PbTiOa thin film is used for ferroelectric 9. 
[0033] Fig. 3 is a crystal structure diagram, which shows 

a single crystal unit of PbTiOa, which is used for ferroelectric 
9. PbTiOa -is an ion crystal, wherein a bivalent, positive Pb 
ion exists at the A site and a tetravalent, positive Ti ion 
exists at the B site . The greatest characteristic of this PbTiOa 
is that it has a perovsJcite crystal structure having an oxygen 
octahedron surrounding the Ti ion. Residual polarization 
(spontaneous polarization) occurs as a result of the shifting 
of an A site or B site from a lattice point, and the magnitude 
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of the residual polarization differs according to the type of 
ion. In the case of PbTiOa, the ferroelectric 9 has a high 
residual polarization of approximately 50iaC/cm^ at room 
temperature. With the present embodiment, ferroelectric 9 is 
basically formed in the monocrystalline state. However, 
ferroelectric 9 may also be formed in the polycrystalline state . 
[0 034] Fig. 4 is a crystal structure diagram, which shows 

the condition of lamination between the lower electrode 8 and 
ferroelectric 9 . . At an ReOs crystal unit positioned at the very 
end of the ferroelectric 9 side of lower electrode 8, the Pb 
ion of a PbTiOa crystal unit positioned at the very end of the 
lower electrode 8 side of ferroelectric 9 enters inside the 
void existing at the A site position. That is, the crystal 
unit of ReOa and the crystal unit of PbTiOs are bonded to each 
other by the mutual sharing of the Pb ion of PbTiOa at the A 
site. The adhesive force between lower electrode 8 and 
ferroelectric 9 is thus strong. 

[0035] Furthermore, the PbTiOa, which is the ferroelectric 

9, has a perovslcite crystal structure, and though ReOa has a 
void at the A site position, it has an oxygen octahedron and 
thus substantially the same crystal structure as PbTiOa . 
Continuous crystal growth of PbTiOa on the surface of ReOa can 
thus be performed by MOCVD (Metalorganic CVD) . 
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[0036] Furthermore, the lattice constant in the a-axis 

direction of a crystal unit of PbTiOs is 3.9A, the lattice 
constant in the a-axis direction of a crystal unit of ReOa is 
3.7A, and since these lattice constants are similar, crystal 
growth of PbTiOs can be carried out in accordance to the 
crystallinity of ReOa . Moreover, since the lattice constants 
in the a-axis direction are mutually similar, a crystal unit 
of PbTiOa that has been grown on the surface of ReOa tends to 
undergo c-axis orientation readily in the direction that matches 
the direction of the field E that is applied between lower 
electrode 8 and upper electrode 10. When a crystal unit of 
PbTiOa undergoes c-axis orientation in the direction that 
matches the direction of the field a large residual 

polarization can be obtained. 

[0037] Furthermore, since at the interface part between 

lower electrode 8 and ferroelectric 9 , a Pb ion that exists 
at the A site position of PbTiOa enters inside a void existing 
at the A site position of ReOa, the information on the crystal 
structure of Re03 is transmitted to the crystal structure of 
PbTiOa and crystal growth of PbTiOa in accordance to the 
crystallinity of ReOa can thus be performed on the surface of 
Re03 . 

[0038] The upper electrode 10 of the capacitor element is 
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formed on the surface of ferroelectric 9 . With the present 
embodiment, upper electrode 10 is formed, as is lower electrode 
8, from ReOa, which serves as an electrode for ferroelectric. 
Crystal growth of ReOs on the surface of PbTiOa can be performed 
by sputtering in the same manner as in the case where crystal 
growth of PbTiOa is performed on the surface of ReOa . Since 
upper electrode 10 will basically not be an underlying layer 
for crystal growth of ferroelectric 9, there is no need to form 
it as an electrode for ferroelectric, that is, from ReOs . 
[0039] The following actions and effects are provided by 

a non-volatile memory equipped with a non- volatile memory 
element M with the above-described arrangement . 
[0040] (1) Since in the capacitor element of non-volatile 

memory element M, at least the lower electrode 8 is formed from 
an oxide, which has substantially the same crystal structure 
as a perovslcite crystal structure and has conductivity, to 
thereby serve as an electrode for ferroelectric , and since oxygen 
exists in a stable state in this oxide, there will be no 
precipitation of oxygen on the surface of lower electrode 8 
near the interface with ferroelectric 9 . Since the formation 
of paraelectrics (unwanted substances) on the interface due 
to the precipitation of oxygen will therefore not occur, the 
film fatigue that occurs due to repeated polarization reversal 
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of the ferroelectric 9 will be reduced and effective reduction 
of the residual polarization of the ferroelectric 9 can be 
prevented. Furthermore, since the lower electrode 8 is formed 
from substantially the same crystal structure as the perovskite 
crystal structure of ferroelectric 9, crystal growth with the 
crystal linity of the underlying layer being maintained can be 
performed when crystal growth of ferroelectric 9 on the surface 
of lower electrode 8 is performed. In the case where upper 
electrode 10 is formed from the same material as lower electrode 
8, crystal growth of upper electrode (electrode for 
ferroelectric) 10 on the surface of ferroelectric 9 can be 
performed with the crystallinity of the underlying layer being 
maintained. 

[0041] (2) By at least the lower electrode 8 of the 

above-described capacitor element being formed as a crystal 
structure having a void at the A site position of an ABO3 crystal 
structure, a metal atom of a crystal unit at the very surface 
at the lower electrode 8 side of ferroelectric 9 will enter 
into the void of a crystal unit positioned at the very surface 
at the ferroelectric 9 side of lower electrode 8. Since lower 
electrode 8 and ferroelectric 9 will thus be bonded atomically, 
the bonding strength between lower electrode 8 and ferroelectric 
9 can be improved. Furthermore, since lower electrode 8 and 
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ferroelectric 9 will be bonded atomically and crystallinity 
information will be transmitted from lower electrode 8 to 
ferroelectric 9, continuous crystal growth of perovskite 
crystal structure and substantially the same crystal structure 
as a perovskite crystal structure will be readily carried out 
mutually. 

[0042] (3) The signal transmission speed can be made high 

by the forming of at least lower electrode 8 of the 
above-described capacitor element from ReOa since ReOs has a 
low resistance value of approximately lO'^Qcm. 

[0043] (4) Since ferroelectric 9 can be reduced in film 

fatigue and increased in residual polarization in the 
above-described capacitor element, the information writing 
characteristics can be improved, and since adequate information 
can be written at a low information write voltage, a low 
consumption power can be realized. 
[0044] Application Examples 

With this invention, in the non-volatile memory element 
M of the above-described non-volatile memory device, a 
ferroelectric, comprising PbTiOs , may be used in place of PZT 
as ferroelectric 9. Furthermore with this invention, a 
laminated dielectric of either SrBi2Ta209 or Bi4Ti30i2 may be 
used as ferroelectric 9 . 
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[0045] Furthermore, this invention may be applied to a 

pyroelectric type infrared sensor that makes use of a 
ferroelectric material and the pyroelectric effect. This 
invention may also be applied to a pressure sensor that makes 
use of a ferroelectric material and the piezoelectric effect. 
For both a pyroelectric type infrared sensor and a pressure 
sensor, an electrode for ferroelectric that forms a laminated 
structure with the ferroelectric material is formed from ReOs . 
[0046] 

[Effect (s) of the Invention] By this invention, an 

electrode for ferroelectric can be provided with which the 
occurrence of film fatigue due to repeated polarization reversal 
of a ferroelectric can be reduced and the reduction of the 
residual polarization of the ferroelectric can be prevented. 
[0047] Furthermore, by this invention, the information 

writing characteristics of a non-volatile memory element can 
be improved and a non-volatile memory element can be provided 
with which low power consumption can be realized. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A sectional structural diagram of a non-volatile 
memory according to an embodiment of this invention. 
[Fig. 2] A crystal structure diagram of an electrode of a 
capacitor element in a non-volatile memory element equipped 
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in the abovementioned non-volatile memory. 

[Fig, 3] A crystal structure diagram of the ferroelectric 
of the abovementioned capacitor element. 

[Fig. 4] A crystal diagram of the laminated part of the 
electrode and ferroelectric of the abovementioned capacitor 
element . 

[Description of the Symbols] 

1 substrate, lA channel forming region, 2 gate insulator, 3 
control electrode, 4 semiconductor region, 8 lower electrode, 
9 ferroelectric, 10 upper electrode, M non-volatile memory 
element 
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[Fig. 4] 
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Sfii (T®S:ffi8Xtt±Saiffil 0) AS. 3fiKSfti:9co 

$tt5<, R e 03^±A-!^-^' hfC^TLAS^F^-f-SMS^iS 
tf. 



mmmimm 




10(ReO3) 
9(P2T) 



ABO3 3SS^^fiiSOA■!^>1' K.(75&g{cS?L;65fc.6)KS« 

-7 

IfB*«6l HulEtS*'S4XHfS*iS5(clE«^n7t 

WS^^f^^mai^ PZT. PbTiOa. BaTiO 
3 <^V>-rtL*:.(7?3fi^1i:<*:, XttS r B i 2 T 32 , 

B i* Ti3 Or:,<D\,^-nxi)^<Dmnk^n.m^mm^ix. 
[o 0 0 1 1 

[0 0 0 2] 
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(^^6<)7'£^»lgttlEig3l^ <t urn, flaiXLif F e R AM 
(Ferroelectric Random Access Henory) WiS^^ffl"i" 

[0 0 0 3] F e RAM«it^^ffl-f S^fflSttfeltj^ 

^•(i;=<.-i' J/ f^v^^i^i:tff$RIStiffl5^tgfiK-f S^a^^- 
^l) , y—^mmst.x/i-'^-o'mmtLxmm-fi-M 

[0004] 8«fia^*^^(^3i^mf*:i4, 3S@^>fli^r*r 

nMi:^a^xi,w.mp^mi^iyi^lt£^^¥mi:m^ 

20 Pb z r, T i O3 ) asftffl^irs. 

[0 0 0 5] H5iaSSiKT-(^«F(c:3S^^«i:<OTJfellIi:''£ 

e L?^:«^3fJK*sffiffl$i^5o r(DS«*ti|sfOP t US 

S i O2 »Jlg<^^B±(c:li»$ix5„ Kiarn-fe:;;^.}^*,- 
^^-C;^^<3':^'feT-P t^^aUfc^-^, PtH (11 
1 ) UJ^'-fu^o (111) EtSj^^ffrs P t ±lcjg 

30 lSi±t:#So $e>fc, P tf4*ifeJR-C'fc9S*:6<HcK<k 
L/j:v>(Z)-C. 3t*Sfls:i:TSSffi<b<©SHcP tro«5<t«J 

[0 0 0 6] 

m^ixfc^mmi±^mm'¥-i,ci6\.^x. ^ais^cores 
ffifc p t (ommmmxnp t *^tf«-&»«ii>5fieffl$tt 

sfeirMi ^mi^n^ zticx'o imm.w-<^siS^m<D± 
#iir*s«fai-t-s, ztAimmx'hi>t:^m^m^iintsi 

^ftccotfiflSt-^a-C-foSPb SiSS-^SiOa 
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[0 0 0 7] *:l6WHfitra<<^^®€r«¥i9!:i-S7t*!)lc/£$ 
[0 0 0 8] ^¥o-C, *^W<75S6<)I±, 

(0 0 0 91 $ib(c. :*:^?flOg6<J(i, ^fflgltfEitlR 

[0 0 10] 

m,^<7^^^ms:mffiiSi'o^^Lx^^-ri>mm^i,mci^i^. 
^m'Mtmn&^\^m-f^^m'Mxmm^n^<DX'. st^ 

1 ic^m^ixr;Limm,t^mm.miK ab o, i^s«it<o 

[0 0 13] IS*iS2(CfEie$iXfclgW(C:fci/>T(±, fir 

SSIife-Ctt/£< ABO» ieS«i£C0Af-f hroficatlC^ 
?L*5fc5MS«^iS•CJi?fiK$i^^.o■C^ Sfi^^fltfflSISo 
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[0 0 14] la3}^:^S3^clE^!^$i^7hl6e«^±, itriEiSJitJS 

[00 1 5] s^fi^fS3t^IS3^rlE«s$^^ytMB^f-*5v^T 
iiafc*iv>Ti o-»ocmejS(7)fijgfittt:«:*ri-sro 
10 (0 0 1 6] 18*14 {ciE«$ixfcig?g(i, ^mn.i^'f 

micm-j^^mm^m\^s mm.^^^-t?>mmx'mm 

[0 0 17] 18*14 ^clE«$^^^t|gW(c^5w^T^±. St 
;K^:d5j^'>b^@»<Sd5:*:t < x^ S„ ^picsg^i btr 

[0 0 18] fS*^fi5^ClE«;$i^7t|gWH^ HfrlEii*l 
4{c£«^^^fcS^S:^|£7'.'<-1'^{-*5^^-C. HulESS^a 

30 [0 0 19] n^'W6\cmm^ntcmmii. mtm^m 

■C, afS3fiRS*|:(CH, PZT, PbTiOa , BaT 

i 03COV>-fiXA>>CO^^^^, r B i 2 T a, O 

• , B T ia o^:>(o\,^-rjxA^(Dm^mM.m^&m^ 
[0 0 2 0] mMr^7\zw.m.^rifz^mn. mr^is^is 

40 ir-f-S, 

(0 0 2 1 J 

•CSttW-fS. @ 1 »4*«W<^3ltt?l5fl8fJ:«« F e R AM 

1 c05feffiJcjg/3c^?*L5. S£ 1 f4*IIJ6Jg!IHc*5V^TW. 
iSS S i $ r S i S«H p S^f^lt^AS 

50 5'9=->-^3(f^ (;;^-i'j/f^>'i>'h7V-:^;^i5') tSSFSIR 
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[ 0 0 2 2 J H»rffi^»ISttlEttlll^M<^^'f i/=f-i^irn 
[00 231 ^Y^/Hi^fiKffitK 1 M-tWS. 1 <^±®ifif» 

[00 2 4] umm^ zyt^-v 2 jitcjg 
^$tt5o SJ»ii:ffi3c±«aix.«^i^Ss i v'!;•i^ 

MS s i y f-^r KSf^^ b < \-imtM.^m^ 

[0 0 2 5] y— ^ffiSc&t/KU'TV'fflJSi LTe£ffli- 
<©iif«'|-C-fco-C, £«l<^^HSPlc}i5^$tt5, iE-n-e' 
iXCOiK'^^t:®^ 4 f4 n S?Fi^#(*S^X^? n 

S! h ^^i^^^ (M I S F E T : Metal Insulator Fiel 
d Effect Transistor) "CJIiJiScFtlSo 

[0 0 2 61 flfriE^^'r i'9^>i>'^^±fc(±rOT^-r 5/5^ 

S i Oa S i 3 N* )Rroi/>i"il*»W*gJR, XfiS 
i HI. S i 3 N« )Kco-?rttm?:ffii5^-a-to-tirfe«-g- 

®«4±tcfc-VNT. B?rfEerai6M:)K5{C(4^)gg?L6d5ji5 
«il3gTL6rtlcfi-:6r<^iH^^{t:©J«4 tSfim 

A5J(^^^tL2)„ SiSt?Liai^7 (i^l^fiW, TiW, WS 
i a , T i N^cO{S}&6t«I^r^rLiSitt;^t^)BS^U< tiS 

[0 0 2 7] *7h, l21^L/£l/>;6i, y g^Vi/lil^CO 

[0 0 2 8] ^^^^mm^nT^ium a . ^m^f^ 9 , 
±mmmio (D^ti^-n^m^mM Lftmmmmxmi$. 

[0 0 2 9] ^mm^<r>Tm^m s ammi&Hkim 5 (om 

x:^-f s'f^>':^^5tf^ro-;frw^^t^^«cffi«4^c£^56<)^w» 
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m^ini>o *ll*teJK^l.lc^io^■cTsm^S8^i3ssl€«:ffl 
msii^ti^M^j:i^mx'A'z,x^^i>mt¥3X-hi>. 

[0 0 3 0] R e O3 icmUi-i>Skit^\cnR e 

a Ot s ReOa <^-E•i^■€■■i^i65^e)^^•Cl'^So Rea o 

r nstmm^i>^iSch^^^m^mvkx-hi>i)^. Re, Or 

f4itei»fls:-efe 9 Sfli*t!(sftCf4fiefflT'# /£V\ R e Oa »4 
^^tt^*-t-5;4^ ReOa roSfetmHReOa l-it'< 
10 T;^t <ft^eiSiSS<73Ki$<t:(^(4ilLrv>;iV\ Re 

o^ii^mi^7'^<-f ^x-mm^vit Lxmm^ixi>A i 

-CuSaMroffi^tffil O-'O cmHlE»-^5 1 0-»Q c 

mW{gg6tffl[*>fri-5, ReOaOT 

T-fc9, ReOa <Oiedi1llittt>'^f^-'^i^S«Jt•C&^)CO 

-c, R e Oa , R e 03 <o^ii^ti<r>m&m7&nm^6/^ 

[003 1] 02 fiSulET«S:ffi 8 -Cfc >5 SS^Hflcffl^ 
ffii:L-C^ffl^?tl,SRe03 OlMS3.= y h^r^-fiK 
20 S«it0-CfcS, ReOafl. A-t-( h(OlSLB.ifi^lL 
X% Bf-'l' ^^D{fi!:BtC6ffiro7•7^Re't'5^>'i5#:S-f- 
5 AB O3 iKSflli^**-r«>o r COR e O3 <OMc:k<DW 

9 iBtf 6 iB<©«E3!f IS^Jc J: 5 Ji^fiSt $ 3^5g^3f 8 ffific 

foS, TgSfli8ttS*:6«jfc»4*jeS*«|-C-Jgfi!t 

[0 0 3 2] MIE5^1:lg^<D3S^m<*:9(4Ta^ai 
30 K^flcfflStii) 8c^^ffi±tcjgfiK$ix5o *:SIJSJgliilc 
*5V>T, »RS«t9t;:f4PZT»)Bi, sEV^HPbTiO 

[0 0 3 3] S3f43SKl;f^9T-$>?)P b T i O3 01 
igS^-S/ h«:^-rieS«lit@t?fe5, PbTiO 
3 ■<:t:^t^Sii^Xh'0 . A-iJ-'T htC2«OT7'7;^P 
bi';*->-AS:i^ftL, Bf-Y hlC4ffi«Dr7^T i 
A^W^i-i>o w(7?PbTi03 (DSci^mWrnUT i ^ :t 

':&^m-ri>:LtX'hi,, A-r-r hxttBf--(' h-is»^^ 

t£3*^Sfl£9 tt, p b T i Oa o#■^{c^3^^TS■iat:-j^^J 
5 0 *t C/cDi» 6JK©iSv^«g^i'fli**-f S. 

iiijc:*5v>-c, 9 i-tm^^mia-imm&ifamx'm^ 

^tii>^ /£*>\ 3fiRSfls9i4#MSttl!g-Cfl5fiRL-CfcJ: 

(0 0 3 41 04l48ir§eT6%«8^3jt9l£f)E9 ^<7:)M 

«S:fii8ro3i^«:«c9<H(73ftiS(-<4Ei-5Re03 <^>iefji 
50 ins, Ktdiov^-c. A-!h-< h(0<4fi(c:#«Ei-SS?Lfc: 
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»RSflC9(©T«S:fli8fi<<©aiai(c<2:E-f-SPbT 

i 0= O^^zi.- J, h<OP h ^ :t-'^i)^A'0 iiits; r>% 
fP . R e O3 <Oi^Sza. - J/ h i P b T i Oo C^l^^^n 
s/hicoBflfi, P b T i O3 «>P b'T Ai?--< htc 

(0 0 3 51 ^5>{C, 3S^«*<c9-Cfc5PbT i O3 fi 

{4g*5g£?LT-fcS;d5^m8ffi{*:*r^LPb T i O3 i:* 
ff6«j(c:l^— ^S«|iS^:g-t-S<^-C% MOCVD (Metalo 
rganic CVD) ftfcj: 9 P b T i O3 ASR e O3 <^^®± 

[0 0 3 6] ^ibic, p b T i O3 <oMS^=^ ^^cfc' 
v^Ta«::6^(alK)^&^^;£?e:^43. SA-C-fc!?. ReO3<0 

foior-, 2!i!:fer<^te^;t»*ssfa urjo 5 . r e O3 o 

i^Sttf-tSoTP b T i 03<^fe^^S;45^=fx■5, LA^ 

fcs af4:6-r6ico*&^:^S:A52v>tci^fflu-cv>.S(0-t:% r 
e O3 <^*ffi±tc3^S^e$-fr;fe P b T i O3 

^#EcD;^rfii<k-S:i-S;^r6](cctAEi^L^i-< /£5<, 
Pb T i O3 cOi^S^riy K;65mi?LEO;;^f6ii:— i5rt-6 

[0 0 3 7] ^ibfC. T^HfilS i:?t^m(^9 tCOpB^O 

•f-S^TLfC, P b T i O3 OAf-'i' hOfiLat-^^Ei-S 
P b ;^>'i5A 9 iAtf «>-C% R e O3 OMfi«iS.©1t« 
P b T i O3 <OMB^«it(-eS$ix. R e Oa 0«S 
Jl{CR e O3 cO)^St±tCtl£o-CP b T i Oa (^i^S^Kfi 

[003 8] $l:lil'7^co±J5mil 1 0 \t^mn.^ 9 0^ 

s±{-ji?^^n2)o ±ssisii o^i*ll^ii?K^i^c*5v^-c 

Jg^^ixio R e O3 W^S±»C P b T i O3 CO^S^ 
S«:fT5i»^ilsl«l(c, PbT i O3 <^*E±fJ:;^^<s' 
^felCt 9 R e O3 C0iKSfiSS;45fTX. 5, ±® 
31:11 1 0 f±S*e^tc(43S^mf*:9 coM^figScDT%(c;'i 

e O3 -CJi5^-f-S^;>Sf4JtV\ 

[0 0 3 9] :L(r>^b\^mi^^ix^^n^mmm^y\. 

10 0 4 0] (1) ^»«ttl&igiR^-M«o^«:5(l^fc*} 

'>nc< itT®S:<$8iJ5^^^«cfflS:11i: LT-t 

9 <i:COfflco|?ffif=fi5-Cfeo-CT«3g:fii8<0^ffi»C>4g?5(f 
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3^*5jg'>L, 3i^mflt9<;5a®5>ffico^a6^7iJi'>a5|p5 

ihr-#5, ^tfjtc:, B<rfeTSmii8H^^mfls:9<^5'<n 

2. COT-, Tsmffi 8 <D^m±.\t.ym%.w 9 ^r^^fiRg-f- 

:t ±S mii 1 0 ;b5 Sfii 8 i: Pl^w^filsf-CJgfiit $ 

10 9(7?^S±(c±S«fli (34lK««:ffll:ai) 1 oroiSSfig 

[004 1] ( 2 ) mriESSJff ^ c75'>/^ < i t T^Sffi 
8ASABO3 MS«jfi<OA-r-f hcD&!afcS?LASfe5i^ 

9fi(<^aSS^ffi(cffiB-#-5Mdi3.^3, hco^TLfcSt^^ 
{*:9«5TJi«ffi8«f(©ftSg«ffi(c{aR-t-S«IS^-i' h 

20 mffi8iatKS»:9i:©W*s^iFe<){Ci^-g-$iX. TSS 

-<Dr;:^;«7-f' hss«jt. -<u^7.i3^ 

[0 0 4 2] (3) t5fE3ga3I^O/>/j;< i: tT»«ffi 

8dSRe03 r-fl^^^nSr ifCii?, Re03 (4^ia 
^Ci5V^-Cl 0-»Q cmaS<Ol£g5ttt*#-t-5COT\ ft 

[00 4 3] ( 4 ) bJIS^SIR^ {C*5V>-Cf±Sl3l^«: 9 

So 

[00 44] tf^ffl-gil 
fCiSl/>-C. StRSft: 9 t LT P Z T«5fl!lfC P b T i Oa 
K^*^ gtbTSrBiaTaaOa, Bi^TiaO 

40 [ o 0 4 5 1 * fefc. *:«9^»±, mm^w^Pi^mm l 

«e«ift*/£-#-»»S«rfflSffiiSR e O, -CJg^^tl 
5, 

[0 0 4 6] 

50 @^ffi<o«'>;4JB5ih-c3r53i^«:«^fflSfliJj5tg«t-x:-^ 



(6) 



[0 0 4 7] $ e>{c. *36WfcJoV>T(i. ^P?6t£ie« 
(02] tJrlS^fflg<t!E«:3£Hfc»«$ 
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[0 4] mrlB$S?fl'P<^%S^:SitKm(t:^<OfUiSp^ 

1 S«. lA ^^■y^.'Wfl^fiKflUg. 2 

3 4itfe^«:«*jE, 8 TJiSffi. 9 



[01] 



[02] 



[03] 



^IO(RoOj) 
' 9(PZ7) 
8(Re03} 



1A 



■7^ 




O Re 

OOxygen 




oPb 

OOxygon 



A t^'f h 



■ Pb 

- TI 

-Oxygen (Pb) 

- Re 
Oxygen 



(51) Int. CI.* aSiJI5# FI 

HO 1 L 21/8247 
29/788 
29/792 



